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Chapter 6. Towards direct visualization of rotary motion of a 
light-driven molecular motor on a surface 
Part 2: Direct visualization of a single molecular motor on quartz  
Abstract 
In this chapter, the synthesis and surface attachment of a highly functionalized 
light-driven rotary molecular motor is described. This motor is obtained by a 34-
step synthesis. Incorporation of acetylene legs into the structure allows the motor 
to be grafted to azide-modified quartz using the “click” 1,3-dipolar cycloaddition 
reaction. Defocused wide-field fluorescence microscopic studies reveal the 
orientation of the motors. The majority of molecules show the expected polar 












     With the aim of direct visualization of the rotation of a single light-driven 
molecular motor, a design which is reminiscent of the surface assembled F1-
ATPase1 has been proposed and discussed extensively in Chapter 5 (Figure 1). 
Perylene bisimide (PBI) has been chosen as the fluorescence label due to its 
high fluorescence quantum yield, photo- and thermal stability.2 In addition, the 
interaction between motor and PBI has been studied and the experimental data 
shown that the rotary motion of a molecular motor is fully preserved when the PBI 
unit is connected to the motor through a rigid tetramer linker. To continue with the 
design of the target molecule assembled on the surface, two important aspects 
need to be addressed: the choice of a molecular motor and the method for 
surface attachment. Recently, our group has reported an ultrafast surface-bound 
molecular motor 1 (Scheme 1). 3  This motor has the half-life of the rate 
determining thermal isomerization step of the rotary cycle in solution around 40 
ns, which is sufficiently fast to compete with Brownian motion. This motor is 
equipped with two acetylene “legs” that allow the motors to be grafted to azide-
modified quartz using the “click” 1,3-dipolar cycloaddition reaction.4  
 
Scheme 1. An ultrafast surface-bound molecular motor 1 (reprinted from ref. 3, 
copyright 2014 Royal Society of Chemistry). 
      Based on the structure of motor 1, a highly functionalized target molecule 2 is 
proposed (Figure 1). In this molecule, important features are as follows: first, the 
lower half of the motor contains two terminal acetylene groups which can be 
attached on azide-functionalized quartz by ‘click chemistry’ and therefore serves 
as the stator. In this way the motor is attached chemically with two legs to the 
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modified quartz surfaces. Second, the upper half of the motor is attached with a 
PBI unit as the fluorescence label. The PBI fluorescence label allows for the 
detection of a single molecule molecular motor on surfaces by fluorescence 
microscopy. Third, a rigid tetramer linker is installed between the motor moiety 
and the PBI unit. This rigid tetramer linker helps to preserve the rotary function of 
the motor.5  
 
Figure 1. A highly functionalized surface-bound molecular motor 2. 
     It is then expected that the rotation of the molecular motor triggered by light 
induces the movement of the PBI unit. The movement of the PBI unit can be 
followed by fluorescence microscopy. Specially, a recently developed 
fluorescence imaging approach known as defocused wide-field imaging will be 
used in the present study.6 An individual fluorescent molecule can be considered 
as a dipole antenna.6 It does not emit equally in every direction, which results in 
an anisotropic emission distribution in space. As a result of this anisotropy, the 
projection of the emission onto the plane of the detector can lead to an unique 
intensity distribution for every orientation of the transition dipole moment. It is 
difficult to image the details of these patterns by a conventional method. However, 
defocusing the image slightly by moving the sample toward the objective over a 
short distance d, as shown in Figure 2a and 2b can result in a clearer pattern. 
Besides the defocusing distance d, the shape of the pattern strongly depends on 
both the in-plane (azimuthal angle ) and out-of-plane (polar angle ) orientation 
of the transition dipole moment. Therefore, a library of patterns for any given 
orientation could be obtained by theoretical calculation (Figure 2c). In an actual 
experiment, every single molecule in the sample will show up with a different 
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pattern, depending on its orientation. By matching the obtained pattern of one 
molecule to the closest pattern in the theoretical library, the orientation of this 
molecule can be quantitatively determined. Two examples are shown in Figure 
2d and Figure 2e. 
 
Figure 2. Defocused wide-field imaging. (a) When a point emitter emits from an-
out-of focus plane, the resulting image becomes anisotropic and provides 
information on its orientation. (b) Example emission patterns for different 
defocusing depths (d) and different out-of-plane angles ( ). (c) Example emission 
patterns for different out-of-plane and in-plane  angles ( ) as well as an averaged 
image for each row. (d–e) Example experimental patterns (left) and the 
calculated theoretical fits (right). (reprinted from ref. 6, copyright 2009 Wiley-VCH 
Verlag GmbH & Co. KGaA) 
6.2 Results and discussions 
6.2.1 Retrosynthesis of 2 
   A retrosynthetic analysis of the highly functionalized motor 2 is shown in 
Scheme 2. The synthesis of 2 consists of three main building blocks: the rigid 
tetramer linker, the PBI fluorescence label and the motor moiety. The rigid 
tetramer linker can be prepared by a step-by-step synthesis, using Sonogashira 
cross coupling.7 In order to connect with other building blocks, the PBI unit is 
functionalized with an acetylene group that can be reacted with the tetramer 
linker by a Sonagashira reaction. The upper half of the motor moiety is 
functionalized with an aryl iodide part that can be coupled with the rigid tetramer 
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and PBI. Meanwhile, the lower half of the motor moiety contains two TMS-
protected acetylene groups that are used for surface attachment. 
 
Scheme 2. Retrosynthesis of motor 2.  
6.2.2 Synthesis of motor 2 
     The synthesis of motor 2 began with anthracen-9(10H)-one which was treated 
with methyl but-3-enoate in the presence of base (Scheme 3). Direct conversion 
of the obtained alkylated ketone 3 to hydrazone 5 by  refluxing the mixture of 
hydrazine monohydrate and 3 in MeOH for 3 h was unsuccessful since the 
hydrolysis of the methyl esters also took place under this condition. Therefore, 
ketone 3 was first converted to a more reactive thioketone 4 by heating with P2S5 
in toluene for 2 h. The thioketone  was immediately treated with hydrazine 
monohydrate at rt to afford the required hydrazone 5 in 88% yield.  
 
Scheme 3. Synthesis of hydrazone 5.  
    Hydrazone 5 was oxidized by MnO2 to the corresponding diazo compound 6 
within 1 h (Scheme 4). The mixture was then filtrated under an inert atmosphere 
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to afford a THF solution of 6. Thioketone 8 derived from a bromo ketone 7 
(preparation of 7, see chapter 4) was immediately added to the solution of 6. 
After stirring overnight, episulfide 9 could be isolated after column 
chromatography in 57% yield,  which was quantitatively converted to 
overcrowded alkene 10 using PPh3 by sulphur elimination. In order to enhance 
the reactivity of the motor for subsequent reactions,  aryl-bromide 10 was 
converted to an aryl-iodide 11 by a Finkelstein reaction, using the same 
conditions as descripted in chapter 5. Further functionalization of the lower half of 
the motor for the surface attachment was performed at this stage by 
transesterification with 3-trimethylsilyl-3-propyn-1-ol. Motor 12 was obtained in 
55% yield, the side products being the partially and totally deprotected acetylenes 
which can be separated from the desired product by flash chromatography. After 
screening several conditions, aryl iodide motor 12 was successfully coupled with 
acetylene functionalized PDI 13 (13 was prepared via 23 steps from starting 
material, for details see chapter 5) by Sonagashira reaction using Pd(Ph3)2Cl2, 
CuI and (i-Pr)2NH, affording motor 14 in 51% yield. It should be noted, that PDI 
13 must be added over 16 h to ensure a moderate yield, since perylene moieties 
tend to aggregate in solution, 8  which led to the homocoupling of 13 in the 
presence of Cu(I) and trace of O2 (compound 15, Scheme 4). The two 
trimethylsilyl groups of motor 14 were deprotected by TBAF, giving rise to motor 
2 bearing two terminal alkynes that are ready for surface attachment. Overall, 
motor 2 was synthesized via 34 steps, and 20 mg samples were isolated for 
further experiments.  
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Scheme 4. Synthesis of the targeted motor 2.  
   Figure 3 shows the partial 1H-NMR spectrum of motor 2. Characteristic 
absorptions for a five-membered upper and six-membered lower half second 
generation motor were found in 1.3 ppm, 2.6 ppm, 3.5 ppm and 4.5 ppm.3, 9 
These four signals can be easily assigned to the methyl group at the stereogenic 
center, proton Hb, Hc and Hd of the five-membered ring, respectively. The signals 
of the two acetylene groups were observed to be overlapped with the signal of 
proton Hc at 3.5 ppm. The Strong signal at 4.0 ppm is distinctive for the side 
chains in the rigid tetramer while the broad absorptions 1.9 ppm can be attribute 








Figure 3. Partial 1H-NMR spectrum (CDCl3) of motor 2.  
6.2.3 Surface attachment 
The preparation of azide-terminated self-assembled monolayers on quartz 
surfaces was performed by following the previously reported procedure.3 The 
quartz surfaces, after cleaning by piranha-solution, were immersed in a solution 
of the azide-silane (Scheme 1). Cyclohexane proved to be the best solvent for 
this process and, after 12 h immersion at rt, the slides were then thoroughly 
washed by toluene and methanol and subsequently dried under an argon flux. 
The obtained azide-functionalized quartz was then immersed in a 1 mM DMF 
solution of motor 2 in the presence of a catalytic mixture of CuSO4 and sodium 
ascorbate (Scheme 4). This mixture was then placed at rt for 12 h. The slides 
were subsequently washed by sonicating in DMF, methanol and water for 2 min 
each, and dried with argon.4  
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Scheme 4. Surface attachment of motor 2. 
      UV/vis absorption spectroscopy was employed to investigate the preparation 
of the self-assembled monolayers of motor 2 on quartz. Figure 4a shows a UV/vis 
absorption spectrum of motor 2 in DMF solution. Four characteristic absorptions 
can be found: a broad absorption around 435 nm which derives from the 
absorption of the rigid tetramer linker;5 three absorptions at 452 nm, 488 nm and 
522 nm that correspond to the 0-0, 0-1, 0-2 electronic transitions of the PBI unit.5 
Figure 4b displays a UV/vis absorption spectrum of motor 2 grafted onto an 
azide-modified quartz slide. A similar absorption profile can be observed as that 
of 2 in solution, which indicates a successful attachment of the desired molecule 
to the surface. Three control experiments were performed to support the 
successful attachment of motor 2 on the surface: (1) an quartz slide without azide 
functionalization was immersed in a solution of motor 2 and catalysts (CuSO4 and 
Na-ascorbate); (2) an azide-modified quartz slide was immersed in a solution of 
motor 2 without catalysts; (3) an azide-modified quartz slide was immersed in a 
solution of catalysts without motor 2. The slides were immersed for 12 h and 
cleaned with DMF, methonal and water. The slides obtained in above three cases 






Figure 4. UV/vis absorption spectra (298 K) of (a) motor 2 in DMF (c = 10-6 M); (b) 
a quartz surface modified with motor 2.  
6.2.4 Defocused wide-field fluorescence microscopy study 
    To prepare a sample for the study of single-molecule fluorescence microscopy, 
a modified procedure of grafting motor 2 onto the quartz surface was developed 
since for precise analysis, the ideal separation between single molecules is 1.5 
micrometer. The azide-functionalized quartz was immersed in a 10-9 mM DMF 
solution of motor 2 in the presence of CuSO4 and sodium ascorbate for only 30 s. 
After washed by sonicating in DMF, H2O and methanol for 2 min each, the quartz 
was dried with an argon flux. On top of this obtained quartz was immediately 
spin-cast with a ~100-nm- thick layer of poly(n-butyl methacrylate) (PnBMA). This 
PnBMA overlayer has been found to be crucial as it can help the photostability of 
PBI during the measurement and induce a better orientation of molecules on 
glass.10 A defocused wide-field fluorescence image of single molecules of motor 
2 on quartz is shown in Figure 5a. All the molecules are separated with enough 
distances and do not show any translation within 10 s, indicating a proper sample 
preparation and successful attachment of 2. Three control experiments were also 
performed to support the visualization of the motor: (1) an quartz slide without 
azide functionalization was immersed in a solution of motor 2 and catalysts 
(CuSO4 and Na-ascorbate); (2) an azide-modified quartz slide was immersed in a 
solution of motor 2 without catalysts; (3) an azide-modified quartz slide was 
immersed in a solution of catalysts without motor 2.  In all three cases, the 
obtained slides gave no signals. As shown in Figure 5a, most of the motors can 
be visualized clearly with a high signal-to-noise ratio, which provides a facile 
analysis of their orientation on surface. The majority of molecules show crescent-
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shaped patterns, which indicates that the PBI units are mostly orientated with a 
polar angle () of 50-80 (Figure 5b, 5c). The obtained values of the polar angle 
are consistent with the expected polar angle of the PBI unit when motor 2 is 
attached on surfaces in an ideal condition (Figure 5d). These observations 
suggest that single molecules of motor 2, on average, can “stand up” straight, 
with the axles of the motor perpendicular to the substrate. The variations of the 
polar angle can be expected since the phenylene-ethynylene unit of motor 2 has 
limited flexibility itself and the heterogeneity of the surface of quartz can tilt the 
motors. The dynamics of motor 2 upon irradiation is now under investigation with 
our co-operators in Leuven University.  
 
Figure 5. (a) Defocused wide-field fluorescence image of single molecules of 
motor 2 on quartz (T = 298 K). (b) Two experimental patterns (left) with the 
calculated theoretical fits (right). (c) Statistics of instantaneous polar angle  of 
more than 200 molecules of motor 2 analyzed on quartz. (d) Ideal orientation of 





    A highly functionalized motor 2 has been synthesized via a 34-step synthesis, 
ultimately aiming at direct visualizing the rotary motion of a light-driven molecular 
motor on a surface. Using the “click” copper-catalyzed cycloaddition reaction, 
motor 2 can be readily grafted to a quartz surface that has been modified with 
azide functionalities. Additionally, a defocused wide-field fluorescence imaging 
technique has been applied to visualize and study the orientation of single motor 
2 molecules on quartz. The experimental data show that the majority of 
molecules can orientate properly on surface, showing the expected polar angles. 
This observation is a key step towards the first real-time visualization of the rotary 
motion of a single synthetic surface bound light-driven rotary molecular motor. 
Furthermore, experiments to power the rotary motion of the grafted molecular 
motor 2 on quartz and to detect single motor rotation are currently in progress.  
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6.5 Experimental Section 
  For general comments, see chapter 2. 
Methods 
Preparation of azide terminated monolayer on quartz 
Quartz slides were cleaned using a 3/7 ratio of 30% H2O2 in H2SO4 (conc.) at 
80 °C. (Caution! This mixture is extremely corrosive and reactive toward 
organics.) These samples were then rinsed with water (3 times) and with MeOH 
and dried under a stream of Ar. The cleaned slides were immersed into a hazy 
solution prepared by mixing 0.04 g 11-azidoundecyltrimethoxy silane, 6 mL THF, 
31 μl double-distilled H2O, 4 μl 37% HCl and 25 mL cyclohexane. After 12 h, the 
slides were sonicated in DMF, toluene and MeOH for 2 min each and dried under 
a stream of Ar. 
Preparation of self-assembled monolayer of motor 2 on a azide-functionalized 
quartz surface 
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The azide-functionalized quartz was immersed into a 1 mM solution of 2 
containing 1 mol% CuSO4·5H2O and 5 mol% Na-ascorbate relative to the alkyne 
moieties. After 12 h, the modified quartz substrate was sonicated in DMF, water 
and MeOH for 2 min each, and then dried under a stream of Ar. 
Sample preparation for defocused wide-field fluorescence microscopic studies10  
The azide-functionalized quartz was immersed into a solution of 2 (10-9 M) 
containing 1 mol% CuSO4·5H2O and 5 mol% Na-ascorbate relative to the alkyne 
moieties for 30 s, the modified quartz substrate was sonicated in DMF, water and 
MeOH for 2 min each, and then dried under a stream of Ar. One side of the 
obtained quartz slide was immediately spin-cast with a layer of poly(n-butyl 
methacrylate) (PnBMA). The slide was put under vacuum for 4 h and stored 
under inert atmosphere (Ar).  
Defocused wide-field fluorescence microscopic study10 
The defocused wide-field fluorescence imaging was performed using an inverted 
optical microscope (IX71, Olympus) equipped with a 1.3-N.A. 100x oil immersion 
objective (Plan Fluorite, Olympus) and a CCD camera (cascade 512B, Princeton 
Instruments INC, iXon DV887 EMCCD, Andor Technology, or ImagEM, 
Hamamatsu). Diode-pumped solid-state lasers emitting continuous wave 532 nm 
light was used as the excitation source. The excitation light was circularly 
polarized by using λ/2 plate and λ/4 before being focused at the back focal plane 
of the objective to achieve wide-field excitation. Fluorescence was collected by 
the same objective and passed through a dichroic mirror and a long pass filter to 
remove scattered excitation light. The image was further magnified 3.3 times with 
an additional lens (the resulting field of view is 24.6 x 24.6 μm).  
Synthesis of all compounds 
Dimethyl 3,3'-(10-hydrazono-9,10-dihydroanthracene-9,9-diyl)dipropionate 
(5)  
 Ketone 3 (440 mg, 1.16 mmol) and P2S5 (514 mg, 2.33 mol) were 
suspended in toluene (20 mL) for 1 h. The mixture was filtrated over 
celite to obtain a blue solution. After the solvent was evaporated, 
EtOH (20 mL) and hydrazine monohydrate (2 mL) were added to 
the residue. The resulting solution turned from blue-green to yellow 
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as all of the material dissolved (~ 5 min). After stirring another 15 min, the solvent 
was evaporated. The residue was purified purified by flash chromatography (SiO2, 
pentane:EtOAc, 1:1) to give the desired product 5 as an oil which solidified upon 
standing (340 mg, 88%). 1H NMR (CDCl3, 400 MHz) δ 1.86 (dd, , J = 6.8, 9.9 Hz, 
1H), 1.96 (dd, , J = 6.8, 9.9 Hz, 1H), 2.35-2.48 (m, 2H), 3.52 (s, 6H), 5.95 (br s, 
2H), 7.28-7.48 (m, 5H), 7.64 (dd, , J = 8.0, 1.2 Hz, 1H), 7.90 (dd, , J = 7.6, 1.6 Hz, 
1), 8.17 (dd, , J = 7.6, 1.6 Hz, 1H); 13C NMR (CDCl3, 100 MHz) δ 173.3, 141.6, 
140.3, 137.7, 136.6, 129.1, 128.7, 128.1, 126.9, 126.8, 126.6,125.9, 124.6, 124.3, 
51.2, 45.6, 37.3, 29.3; HRMS calcd C22H24N2O4 380.1736, found 380.1719. 
Episulfide 9 
MnO2 (357 mg, 4.10 mmol) was added to a solution of hydrazone 
5 (260 mg, 0.680 mmol) in THF (20 mL) at 0 °C. The formation of 
diazo compound 6 could be follow by TLC. The mixture was 
filtered under N2, and the obtained pink solution was immediately 
added to a THF solution (5 mL) of thioketone 83 (118 mg, 4.10 
mmol). This mixture was allowed to stir for 1 h and then concentrated in vacuo. 
The crude residue was purified by flash chromatography (SiO2, pentane:EtOAc = 
3:1) to give the episulfide 9 (102 mg, 57%) as a colorless oil. 1H NMR (400 MHz, 
CDCl3) δ 9.45 (d, , J = 8.6 Hz, 1H), 8.16 (dd, , J = 7.8, 1.3 Hz, 1H), 7.98 (d, , J = 
8.6 Hz, 1H), 7.91 (dd, , J = 7.6, 1.6 Hz, 1H), 7.58 (d, , J = 7.3 Hz, 1H), 7.46 (dd, J 
= 7.7, 1.3 Hz, 1H), 7.44-7.32 (m, 2H), 7.19 (dd, J = 8.6, 7.4 Hz, 1H), 7.13 (d, , J = 
8.6 Hz, 1H), 7.03 (dd, , J = 7.0, 0.9 Hz, 1H), 6.94 (td, , J = 7.8, 1.2 Hz, 1H), 6.81 
(td, , J =  8.3, 1.1 Hz, 1H), 3.66 (s, 3H), 3.58 (s, 3H), 2.97 (dd, J = 17.0,  6.9 Hz, 
1H), 2.69-2.51 (m, 2H), 2.30 (d, J = 17.0 Hz, 1H), 2.13 (m, 1H), 1.96 (d, J = 6.9 
Hz, 1H), 1.86-1.57 (m, 6H), 1.17 (d, J = 7.0 Hz, 3H) 13C NMR (100 MHz, CDCl3) δ 
173.9, 173.1, 142.7, 141.9, 141.1, 137.7, 133.7, 132.9, 132.3, 131.9, 131.2, 
129.0, 128.7, 128.3, 127.4, 125.9, 125.7, 125.2, 125.1, 124.7, 124.5, 124.1, 
122.1, 73.0, 61.2, 51.5, 51.4, 45.2, 38.8, 38.4, 36.8, 29.8, 29.2, 29.1, 22.5. HRMS 
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Molecular Motor Ester legs/Bromide (10). 
 A solution of triphenylphosphine (80 mg, 0.31 mmol) and 
episulfide 9 (100 mg, 0.155 mmol) was heated in p-xylene (5 mL) 
at reflux for 14 h under an inert atmosphere. The xylene was 
removed in vacuo and the material purifed by flash 
chromatography (SiO2, pentane:EtOAc = 3:1) to give the olefin as 
a white solid (89 mg, 95%). 1H NMR (400 MHz, CDCl3) δ 8.19 (d, J = 8.5 Hz, 1H), 
7.91 (dd, J = 5.2, 3.4 Hz, 1H,), 7.73 (dd, J = 13.2, 7.2 Hz, 1H), 7.53 (d, J = 8.5 Hz, 
1H), 7.48 (m, 4H), 7.31 (dd, J = 5.6, 3.2 Hz, 1H), 7.10 (t, J = 8.5 Hz, 1H), 6.77 (d, 
J = 7.3 Hz, 1H), 6.73 (d, J = 8.5 Hz, 1H), 6.62 (t, J = 7.4, 1H), 6.57 (t, J = 8.1 Hz, 
1H), 4.50 (q, J = 6.6 Hz, 1H), 3.71 (s, 3H), 3.66 (dd, J = 15.6, 5.9 Hz, 1H), 3.47 (s, 
3H), 2.82 (m, 2H), 2.62 (d, J = 15.6 Hz, 1H), 2.49 (s, 4H), 2.20 (t, J = 7.9 Hz, 2H), 
0.76 (d, J = 6.7 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 174.3, 173.3, 146.8, 144.2, 
141.3, 139.9, 139.6, 139.2, 136.5, 132.2, 132.1, 131.5, 131.3, 130.2, 128.8, 
128.5, 128.5, 128.4, 128.3, 128.2, 128.1, 127.3, 126.5, 126.3, 126.0, 125.9, 
125.7, 125.3, 124.3, 122.6, 51.5, 51.5, 46.8, 39.3, 37.9, 35.7, 30.4, 29.7, 29.4, 
27.4, 18.6. HRMS calcd C36H33BrO4 608.1562, found 608, 1549.  
Molecular Motor Ester legs/iodide (11).  
In a sealed tube containing 10 (140 mg, 0.230 mmol), CuI (21.9 mg, 
0.115 mmol) and NaI (344 mg, 2.30 mmol) were added dry 1,4-
dioxane (5 mL) and N,N’-dimethyl ethylenediamine (20.2 mg, 0.230 
mmol). The mixture was stirred at 130 °C for 24 h. The solvent was 
removed in vacuo and the material was purified by flash chromatography (SiO2, 
pentane:EtOAc = 3:1) to give the product as a yellow oily solid (140 mg, 91%). 
m.p.: 190-192 °C; 1H NMR (400 MHz, CDCl3) δ 8.04 (d, 1H, J = 8.5 Hz), 7.90 (m, 
1H), 7.77 (d, J = 7.2 Hz, 1H), 7.51 – 7.29 (m, 5H), 7.10 (t, J = 7.6 Hz, 1H), 6.76 (d, 
J = 7.1 Hz, 2H), 6.62 (t, J = 7.5 Hz, 1H), 6.40 (t, J = 7.7 Hz, 1H), 4.50 (q, J = 6.4 
Hz, 1H), 3.71 (s, 3H), 3.65 (dd, J = 15.9, 5.9 Hz, 1H), 3.46 (s, 3H), 2.80 (dd, J = 
14.0, 6.2 Hz, 2H), 2.60 (d, J = 15.6 Hz, 1H), 2.47 (s, 4H), 2.18 (t, J = 7.9 Hz, 2H), 
0.75 (d, J = 6.6 Hz, 3H) 13C NMR (100 MHz, CDCl3) δ 174.6, 173.6, 147.1, 144.3, 
141.6, 140.2, 139.9, 139.5, 136.9, 136.3, 134.3, 133.8, 130.0, 129.3, 128.5, 
128.4, 127.6, 127.5, 126.8, 126.6, 126.3, 126.2, 126.0, 125.9, 125.6, 125.3, 99.6, 
52.0, 51.8, 47.1, 39.5, 38.2, 36.0, 30.7, 29.7, 27.7, 18.9. HRMS calcd C36H33IO4 
656.1424, found 656.1411. 
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Molecular Motor TMS acetylene legs/iodide (12).  
In a dry flask containing 11 (30 mg, 0.046 mmol) and NaCN (0.9 mg, 
0.018 mmol) was added 3-trimethylsillyl-2- propyn-1-ol (500 L). 
The mixture was heated under inert atmosphere at 90 °C until TLC 
(Heptane/EtOAc 1:1) indicates absence of starting material (15h are 
generally required). The reaction mixture was poured in water, the 
organic  were extracted with CH2Cl2. The organic layers were dried 
(Na2SO4) and the solvent was reduced in vacuo to give an oil. The crude residue 
was purified by flash chromatography (heptane/EtOAc = 4:1) to give the desired 
compound as a white oily solid (23 mg, 55%). 1H NMR (400 MHz, CDCl3) δ 8.03 
(d, J = 8.5 Hz, 1H), 7.90 (m, 1H), 7.77 (d, J = 7.2 Hz, 1H), 7.49 (d, J = 8.5 Hz, 1H), 
7.44 (m, 2H), 7.31 (m, 2H), (t, J = 7.5 Hz, 1H), 6.75 (t, J = 7.0 Hz, 2H), 6.62 (d, J 
= 7.5 Hz, 1H), 6.42 (t, J = 7.8 Hz, 1H), 4.72 (s, 2H), 4.51-4.48 (m, 3H), 3.65 (dd, J 
= 15.6, 5.8 Hz, 1H), 2.81 (m, 2H), 2.60 (d, J = 15.6 Hz, 1H), 2.53-2.25 (m, 4H), 
2.23 (t, J = 7.5 Hz, 2H), 0.76 (d, J = 6.6 Hz, 3H), 0.19 (s, 9H), 0.06 (s, 9H). 13C 
NMR (100 MHz, CDCl3) δ 173.3, 172.3, 147.1, 144.4, 141.4, 140.2, 139.8, 139.5, 
136.9, 136.3, 134.3, 133.8, 130.0, 128.5, 128.3, 127.6, 127.4, 126.8, 126.6, 
126.4, 126.1, 126.0, 125.3, 99.6, 99.2, 98.9, 92.4, 92.2, 53.1, 52.9, 47.1, 39.5, 
38.2, 35.7, 30.7, 29.7, 27.4, 19.0, -0.1, -0.2. HRMS calcd C46H49IO4Si2 848.2214, 
found 848.2205. 
Molecular Motor TMS protected (14).  
To a mixture of 12 (27 mg, 0,012 mmol), 
Pd(PPh3)4 (5 mol%) and CuI (1.7 mg, 0.007 
mmol) were added dry and degassed THF 
(10 mL) and (i-Pr)2NH (2 mL). A solution of 
13 (15.2 mg, 0.018 mmol) in THF (5 mL) 
was added over a period of 16 h. After 
another 2 h stirring, the solvent was 
removed and the crude product was purified by flash chromatography (toluene to 
toluene / EtOAc, 95:5) to give the desired product as red solid (17 mg, 51%). 
m.p > 200 °C; 1H NMR (CDCl3, 400 MHz) δ 8.79 – 8.61 (m, 8H), 8.57 (d, J = 8.3 
Hz, 1H), 8.26 (d, J = 8.6 Hz, 1H), 8.19 (d, J = 1.9 Hz, 1H) 7.90 (b, 1H), 7.71 (b, 
1H), 7.63-7.58 (m, 4H), 7.53-7.44 (m, 6H), 7.31 (b, 2H), 7.09-6.95 (m, 17H), 6.80 
(d, J = 7.5 Hz, 1H), 6.71-6.66 (m, 3H), 6.62 (d, J = 7.5 Hz, 1H), 6.48 (d, 1H, J = 
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2.2 Hz), 6.32 (s, 1H), 5.19 (d, J = 9.5 Hz, 1H), 4.72 (s, 2H), 4.85 (m, 3H), 4.02 (m, 
16H), 3.49 (q, J = 6.7 Hz, 4H), 2.82 (b, 2H), 2.65-2.52 (m, 5H), 2.24 (b, 2H) 1.88 
(m, 16H), 1.26 (m, 9H), 1.10 (m, 24H), 0.19 (s, 9H), 0.07 (s, 9H); 13C NMR (125 
MHz, CDCl3) δ 163.4, 154.2, 153.8, 153.3, 153.2, 150.1, 147.3, 140.1, 139.7, 
136.9, 136.6, 135.1, 134.8, 134.2, 132.5, 131.8, 131.1, 130.8, 130.7, 129.7, 
129.5, 128.8, 128.3, 127.9, 127.8, 127.3, 127.0, 126.7, 126.6, 126.3, 126.0, 
125.7, 124.3, 124.1, 123.3, 123.1, 123.0, 119.7, 117.42, 117.3, 117.2, 114.6, 
114.4, 113.7, 100.2, 94.2, 91.6, 71.2, 71.1, 71.0, 54.9, 45.6, 41.6, 32.4, 31.8, 
29.7, 29.7, 29.3, 27.0, 22.8, 22.7, 22.70, 22.6, 19.2, 14.1, 10.7, 10.62, 10.6, 
10.51, -0.1, -0.2. MALDI-TOF: calcd C145H152N2O16Si2 2233.0680, found 
2233.0616.  
Motor 2  
To a solution of 14 (22 mg, 0.0055 mmol) in 
dry THF was added TBAF (16 mL, 1,0 M in 
THF). After a few minutes stirring, the 
solvent was removed in vacuo and the crude 
product was purified by flash 
chromatography (Toluene to Toluene / 
EtOAc, 95:5) to give the desired product as 
red solid (20 mg, 91%). m.p > 200 °C;  1H NMR (CDCl3, 400 MHz) δ 8.58 (d, J = 
8.3 Hz, 1H), 8.26 (d, J = 8.6 Hz, 1H), 8.19 (d, J = 1.9 Hz, 1H) 7.93 (b, 1H), 7.71 
(b, 1H), 7.63-7.58 (m, 4H), 7.53-7.44 (m, 6H), 7.37 (b, 2H), 7.09-7.03 (m, 17H), 
6.81 (d, 1H, J = 7.5 Hz), 6.70 (b, 4H), 6.49 (s, 1H), 6.33 (s, 1H), 5.30 (s, 2H), 4.72 
(s, 2H), 4.47 (s, 2H), 4.30 (b, 1H), 4.02 (m, 32H), 3.67 (b, 2H), 3.50 (q, J = 6.7 Hz, 
4H), 2.82 (b, 2H), 2.53-2.43 (m, 5H), 2.38 (s, 2H), 2.25 (b, 2H) 1.88 (m, 32H), 
1.12-1.04 (m, 48 + 9H); 13C NMR (125 MHz, CDCl3) δ 163.5, 154.1, 153.7, 153.3, 
153.3, 149.9, 147.3, 140.1, 139.7, 136.9, 136.6, 135.1, 134.8, 134.2, 132.5, 
131.8, 131.1, 130.8, 130.7, 129.7, 129.4, 128.8, 128.3, 127.9, 127.8, 127.3, 
127.0, 126.7, 126.6, 126.3, 126.0, 125.7, 124.3, 124.1, 123.3, 123.1, 123.6, 
119.7, 117.4, 117.3, 117.2, 114.9, 114.6, 113.6, 100.1, 94.2, 91.5, 71.2, 71.1, 
71.0, 54.7, 45.6, 41.6, 32.0, 31.8, 29.7, 29.2, 27.0,  22.7, 22.7, 22.6, 19.2, 14.0, 
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